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of planning and construction became quite precise, as did systems for control and 
maintenance; their use and evolution over the centuries could be seen in relation to 
expansion of urban centers and to demographic increase, to higher urban living 
standards, to enlarge of production systems and, maybe, to climatic variations. The 
purpose of this article is to provide a comparative overview of the most significant 
urban areas of Sardinia during the Punic and Roman period. The description of 
water works (wells, cisterns, tanks, channels), of techniques of water usage, of con- 
struction technologies, also with regards on public buildings directly fed by them, 
will give a comprehensive framework regarding these fundamental types of 
structures. 
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1 | INTRODUCTION 


This article proposes a general framework for the water supply systems of the main Punic, and later Roman, urban centers of 
ancient Sardinia and of some rural and extraurban areas where they have been identified, with particular regard for drinking 
and household use. It synthesizes the main publications addressing water structures built in Sardinia, beginning in the early 
Punic age (late 6th-early 5th century Bc) and continuing through the Roman middle- and late-imperial age (2nd—4th century 
AD). The urban centers considered here in detail are S. Antioco, Cagliari, Nora, Tharros, Olbia, Monte Sirai, Fordongianus, 
Neapolis, Cornus, and Porto Torres (Figure 1). Some of these sites show an uninterrupted urban development from antiquity 
to present day, a situation that precludes extensive studies on an urban scale. However, several targeted excavations, carried 
out in different zones of these cities, have allowed the development of a good understanding of the different historical and 
topographical phases which have characterized their evolution. 

This comparative overview of ancient Sardinian water works wants to provide researchers with a starting point to develop 
their studies about this specific topic. The main attention is focused on the practical, technical, and “daily” aspects of manage- 
ment and usage of water by the ancient inhabitants of Sardinia in Punic and Roman times. The religious aspects of water form 
part of a wider socioreligious topic which cannot be explored fully here, but some reference to recent works is provided. 
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FIGURE 1 Map of Sardinia with the position of the cities mentioned in the text (elaborated by author) 
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The structures examined are primarily wells, cisterns, and aqueducts; from a methodological perspective, “well” is that 
device “dug into the ground, which allows to collect an underground aquifer’; “cistern,” on the other hand, is that structure 
“equipped with an hydraulic mortar,” roofed with fixed and/or removable roofing, with the purpose of collecting and storing 
water (Ginouvés & Martin, 1992, pp. 207-209). On the functional side, a well is daily supplied thanks to the groundwater and 
therefore did not need to be particularly large; a cistern, instead, had to be designed assessing the relation between volume and 
collecting surface of rainwater, so for each tank it was necessary to provide an adequate harvesting area. An “aqueduct,” 
instead, is substantially a structure that channels water from one point to another one; throughout history, it has been done in 
different ways: tunnels dug underground, covered channels, on continuous walls or on arches. 

During the first centuries of the first millennium Bc, Sulky (present-day Sant'Antioco) seems to be the first urban center of 
Phoenician formation of the island (about the presence and the role in Sardinia of Phoenicians, people coming from the Medi- 
terranean Levantine coast, see in general Bernardini, 2009). Consequently, it is here that we can recognize the first evidences 
of operations aimed at the reconnaissance, construction, and maintenance of water supply structures aimed at providing drink- 
ing water to the inhabitants of the center. This evidence remains until now the only example of structure for water supply dat- 
ing to the Phoenician period in Sardinia. During the Sardinian Punic age (i.e., that period between the end of 6th century Bc 
and the second half of the 3rd century Bc in which Sardinia was in Carthage's sphere of influence), there are more and more 
hydraulic works in domestic, workshop, and public contexts, a clear sign of the will of settlement in the region on which Car- 
thage had just laid down its influence. The archaeological evidence allows us to recognize, since the beginning of the 5th cen- 
tury BC, water structures (wells and cisterns) with some primary characteristics that have remained unchanged for the next 
several centuries. 
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Synthesizing, indeed, the available evidence shows continuity in water supply and management techniques from the Punic 
through Roman Republican period (second half of 3rd century—end of Ist century Bc): there are definitely several characteris- 
tics in common rather than those of divergence. The main caesura occurred in the Roman Imperial period toward the construc- 
tion of larger water works such as aqueducts, technical innovation that changed in a clear and substantial way the possibilities 
of water use. 


2 | PHOENICIAN ANTECEDENTS 


In Sardinia, the chronological limits of the Punic age are traditionally placed between the end of the 6th century Bc, when the 
influence and control of Carthage on the island began, and 238 Bc, the year of the Roman conquest after the first Punic War, 
which will follow in 227 sc the establishment of the province Sardinia et Corsica. Before this period,' Sardinia was interested 
by a growing frequentation of Phoenician people coming from the Mediterranean Levantine area, who settled mainly (but not 
only) on the southern and western coasts, settling in those strategic points that later will become the main urban centers of the 
island (Bartoloni & Bernardini, 2004). 

The oldest water structures can be found in Sant'Antioco (ancient Sulky), a minor island of south-western Sardinia. In the 
area of the Cronicario (a present-day hospital constructed here), the archaic settlement (sector III F) was equipped since the 
first plant with two fresh water wells dug into the natural rock. The first one (Figure 2, H) has a simple construction, with a 
circular shape at the top, built with small stone blocks. The second one is more elaborated: built in the second half of the 8th 
century Bc, at the same time of the first plant of the courtyard, it has a quadrangular shape (1.5 x 1.1 m wide, 4.2 m deep, 
Figure 2, B), and a wall made of irregular stones for the first 1.20 m, while below it forms a lateral room of 9 m? with an “egg- 
shell” shape, dug in the tuff at the point of runoff of the aquifer. Later, at the beginning of 7th century Bc, the artifact was 
refurnished through the rise of the wellhead with a brick structure and a new paving in the courtyard (Bernardini, 1988, 
pp. 75-76; Bernardini, 2009, pp. 20-23). Essentially contemporary, for example, are the oldest wells discovered so far in Car- 
thage, in the excavation under the Decumanus Maximus (Docter, Niemeyer, & Schmidt, 2007, pp. 62-65) and in the archaic 
houses of the Rue Ibn Chaabat site (Rakob, 1991, 1995). 

A bit more than one century later, instead, in other sites of Sardinia, for example, in Nora (Bonetto, 2009, pp. 69-78) and 
Cagliari (Stiglitz, 2007, pp. 50-51), there is no water structure in connection with the first levels of attendance, attesting more 
frequent activities but, perhaps, still not fully sedentary. From a technical-constructive point of view, it has been noted that, 
for example, in Nora, the first housing structures were made of perishable material, while the stone “was not yet included in 
the commonly used building materials” (see as last Previato, 2016, p. 104). On the other hand, it shall be underlined the singu- 
larity of the lack of arrangements for the supply of fresh water, which has always been a pressing concern for sailors 
(Fundoni, 2013, pp. 73-75, pp. 295-300; Riera, 1994, pp. 299-300), in essential routes' points of this sector of the 
Mediterranean. 

Therefore, it is probable to assume that, in these sites, during the phases dated between the end of the 7th and the 6th cen- 
tury Bc (Bonetto, 2009, pp. 47-48, pp. 63-65; Bonetto, 2014, p. 174), water was collected and stored in moveable containers 


FIGURE 2 __ Plan of archaeological evidences of the sector III F in the area of the Cronicario (S. Antioco). (Reprinted with permission from Bernardini (1997, 
p. 58). Copyright 1997 S'Alvure, Oristano (Italy)) 
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(amphorae, pithoi), or drawn in other areas (where no evidence remains) and then transported where it was needed. It is not 
surprising, however, the realization of such a practice, certainly already well known from previous ages (for example in the 
prehistoric village of Mursia, on Pantelleria island) and used later, too. An analogous functional proposal—of lower 
chronology—has been suggested for some of the houses of Monte Sirai, where in absence of adequate basins it could have 
been used partially-buried large amphorae, to preserve rainwater or water from the nearby spring appositely transported 
(Bartoloni, 2004, p. 65, p. 79; Fantar & Fantar, 1967, p. 40, note 1; Perra, 2001, p. 12). Outside Sardinia, other examples of 
this practice come from Ampurias (Burés, 2000, pp. 267-269) and Selinunte (Helas, 2011, pp. 92-93, p. 239). 


3 | WATER MANAGEMENT IN THE PUNIC PERIOD 


A turning point in water management occurred between the end of 6th and the beginning of 5th century Bc, after the entrance 
of Carthage in Sardinia, attested by increasing archaeological evidence (Bartoloni & Bernardini, 2004; Bonetto, 2009, 
pp. 175-195). The current western part of Cagliari (area of Santa Gilla, see Figure 3a) shows the oldest evidence of stable set- 
tlement (Stiglitz, 2007, pp. 43-55), and consequently the first attestations of water supply systems. The area was probably pri- 
vileged because there was a water table close to the surface, outcropping in several points, constant in flow, calcareous and 
potable (Barrocu, Crespellani, & Loi, 1981, pp. 98-105; Pecorini, 1986, pp. 17-20; Salvi, 1991, p. 1215, note 3; Tronchetti, 
1992, p. 9). 


3.1 | Archaeological evidence for urban water supply in Punic period 


The first major water works of the Punic period were wells. Starting from 5th century Bc, near the “Centrale Enel” 
(Figure 3a), dug into the rock until the groundwater, five wells have been built with a cylindrical structure (quadrangular in 
one case) of about 0.75 m at the wellhead and “foot-holes” to descent and ascent for maintenance operations (Pani, 1995, 
pp. 10-11, pp. 27-29; Salvi, 1995, pp. 7-9). In an adjacent area (Figure 3b), another Punic well has an unusual shape, articu- 
lated in two communicating compartments, one of which is equipped with a square wellhead, showing signs of use of bucket's 
strings (Salvi, 1991, pp. 1215-1216). There are also various attestations arisen from the trenches carried out in via Brenta 
(Figure 3c). In the “Enel Trench,” on the layer of a wall dated to the 5th century Bc, some aquifer wells have been dug, per- 
haps in use even in a previous period (Tronchetti, 1992, p. 26). In the excavation of “Pilone 10,” a well still active today, 
attributable to the beginning of the 3rd century Bc, measured 0.70 m in diameter at the wellhead, made by two curvilinear 
sandstone blocks, was equipped with a wall structure depth about 1 m, below which it was dug into the rock in a “bell-shape.” 
It remained in use for various phases of life, until the last floor rearrangement datable in the first decades of the 2nd century 
BC, followed by a general abandonment of the area (Chessa, 1992, pp. 47-52). 

Also in Nora, the first regular and continuous water supply system of the center, represented by three groundwater wells 
(Figure 4), was designed only coinciding with the establishment of the residential-productive district (where later will be built 
the Roman Forum), which took place between the end of the 6th and the beginning of the 5th century Bc (Bonetto, 2009, 
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FIGURE3 Map of Cagliari, mentioned sites: (a) Centrale Enel; (b) via Po-via Campo Scipione; (c) via Brenta. (d) rest home “Vittorio Emanuele IT’; 
(e) Orto Botanico. (Reprinted with permission from Angiolillo (1987). Copyright 1987 Jaca Book, Milano (Italy)) 
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FIGURE 4 The pre-Forum district of Nora, with the indication of the three Punic wells. (Reprinted with permission from Bonetto (2009, tav. VI). Copyright 
2009, Italgraf, Noventa Padovana (Italy) & UniPd) 


pp. 175-181). These show a substantial unity in construction technique: excavated from the sterile soil or from the very first 
anthropic layers, they deepened in the natural andesites rock until intercepting the underground aquifer, which seems to have 
a slightly sloping course from north to south in the direction of the sea, and creating sufficient harvesting volume. In the upper 
part, the wells have been completed by not particularly elaborate reinforced masonry structures, built with cobblestones and 
small heterogeneous and irregular stones, tied with clay. 

The main differences among the wells of Nora are visible on the morphological side: the first one has a circular plan and 
an almost perfect cylindrical shape, the second one shows different geometries and is equipped with a concave basin in the 
eastern part, while the third one has a subelliptical plan, with slightly oblique walls to the bottom, in a “funnel-shape.” A par- 
ticular element is the evidence of two specular and symmetrical recesses at the wellhead of the southern well, probably con- 
nected to the presence of a pulley, used to facilitate drawing operations. The dimensions of the three structures are different, 
too: the first one is quite limited in both the diameter and depth, while the second and the third ones are larger. This data leads 
to consider that the small well (volume calculated in a bit more than 1 m°) can be related to a private use, as well as it seems 
to emerge from the excavation context (Bonetto, 2009, pp. 124-126). The larger volumes of the other two wells (5.80 and 
9.20 m*), on the other hand, could indicate their use for other purposes than the simple private ones, which should probably 
have been carried out since the early stages of the buildings. One was accessible directly from the road and therefore it was 
most likely used by the community on a daily basis; as far as the other one is concerned, albeit the unknown context, its 
dimensions are one of the largest in Nora and it is very likely to assume a public use for it or perhaps connected to some uni- 
dentifiable craft function. 
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The described construction techniques are therefore quite “raw” and not very elaborated, indicating a propensity to func- 
tionality rather than aesthetics, especially during the early stages of occupation. Different and well structured with square slabs 
are, for example, the wells of the end of 5th century Bc of the “Quartier Magon” in Carthage (Stanzl, 1991, pp. 8-49). 

In general, cisterns began to be built slightly later than wells. The oldest cistern in Sardinia archaeologically known from 
the publications is the one of the temple of the so-called Mastio on the acropolis of Monte Sirai (Figure 5): its construction is 
dated during the 5th century Bc and is referred to the phase of reconstruction of the temple occurred in the first moment of Car- 
thaginian conquest of the city (Bartoloni, 1994, pp. 822-825; Bartoloni, 2004; Bartoloni, Bondi, & Marras, 1992, p. 42). 
Attributable to a public-sacred area, the reservoir could be connected to cult activities and/or to the daily necessities of the 
frequenters. 

From the morphological perspective, the cistern is part of that typology characterized by a narrow and elongated plan, with 
straight and parallel main sides and curvilinear minor sides, often defined in literature “elliptic” or “bathtub-shaped” (Charles- 
Picard & Charles-Picard, 1958, p. 51; Pesce, 1961, p. 75; Saumagne, 1933, p. 651; as last, see Cespa, 2014; Mezzolani, 
2014). Its peculiar characteristic is precisely that of obtaining a curvilinear profile of the walls, with consequent absence of 
angles and edges, which favors an undoubted practicality in limiting the formation of calcareous accumulations or impurities, 
potentially harmful for hygiene and for the structure itself (Figure 6). 

This morphology, both in its canonical aspect and in some variants, seems to be the earlier to appear in the Punic world 
(e.g., for Carthage, see Docter et al., 2007, pp. 135-149) and is frequently attested in all the ancient centers of Sardinia and in 
many other Mediterranean sites gravitating under the Punic influence (see Acquaro, Francisi, & Mezzolani, 2002 for extensive 
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FIGURE5 THE so-called “Mastio” in Monte Sirai and the position of the elliptic cistern (Reprinted with permission from Barreca (1986, p. 74). Copyright 
1986 Carlo Delfino ed., Sassari (Italy)) 
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FIGURE6 An example of “elliptic” or “bathtub-shaped” cistern from Nora (photo by author) 


bibliographic references). The contextualization and dating do not seem to leave doubts about the Punic origin of this type of 
cistern, which evidently continued to have great success over the centuries in the Sardinian area. 

“Elliptic” or “L-shaped” tanks (with the addition of a lateral drawing well) have been identified in connection with build- 
ings datable to middle- and late-Punic age, in numerous sectors of Santa Gilla area in Cagliari (Pani, 1995, pp. 10-11; Salvi, 
1991, pp. 1215-1220; Tronchetti, 1990, p. 15; Usai & Zucca, 1986, pp. 160-163). More precise information comes from the 
trenches of via Brenta (Chessa, 1992; Tronchetti, 1992): in the “Enel trench”, between the 4th and 3rd century sc, the reorga- 
nization of the area led to the creation, through various wall partitions, of small rooms, and of a large cistern “with elliptical 
plan” and circular wellhead. In two other trenches, portions of inhabited areas have been brought to light, within which, at the 
end of 4th century Bc, an important restructuring led to the excavation of a large “T-shaped” cistern, consisting of two basins 
orthogonal to each other and barrel-vaulted roof, and two “L-shaped” tanks. The destination of the late-Punic room (and per- 
haps of the entire building) is traced back to unidentified craft-productive purposes. 

In Olbia (Figure 7), Punic wells and “elliptic” cisterns seem to be concentrated, in the current state of research, in the west- 
ern part of the ancient site (Mezzolani, 2010, 2014). Some of these seem in connection with structures of 4th century Bc 
(Pisanu, 2007, pp. 261-266), while in two other cisterns fillings showed materials dating to the 2nd century Bc, providing a 
terminus ante quem of use of the water artifacts. 

Among the Sardinian Punic cisterns, another possible morphology is the quadrangular one of the water structure connected 
to the so-called Monumental temple of Tharros, referable to a phase dated between the 4th and 3rd century Bc (Acquaro & 
Finzi, 1999, p. 52); the artifact, however, could actually be a well (Floris, 2014/2015, p. 46). In Nora (Bonetto, Cespa, & 
Erdas, 2012), for the time being, the oldest cistern (an “elleptic” one) can be dated back to the late 3rd century Bc, oscillating 
between the final phase of Carthaginian control and the Roman conquest; a terminus post quem is represented by a coin from 
the Mint of Carthage and/or Sicily discovered in the foundation layers (Savio, Tabaglio, & Zara, 2012, pp. 191-193), where 
only Punic ceramic materials dated not later than the 3rd century Bc were found (Dr. A. Zara, personal communication, 
November 15, 2017). About Tharros, it is difficult to establish an exact chronology of construction for the most part of cisterns 
and wells surveyed, due to a general lack of stratigraphic data from old excavations of the 1950s and 1960s (Acquaro 
et al., 2002). 
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FIGURE7 Plan of Olbia with indication of ancient wells and cisterns—in dark red circles, the Punic water works. (Reprinted with permission from 
Mezzolani (2014, p. 136). Copyright 2014 VML, Rahden/Westf (Germany)) 


3.2 | Discussion 


With regard to the main centers of Sardinia, apart from some exceptions due probably to geomorphological factors 
(e.g., Monte Sirai, where the Mastio's cistern would be dated in the 5th century Bc), the historical and functional evolution in 
the water supply systems saw a first installation of wells, to which followed, at different times, the cisterns (from data now 
available, in Cagliari, and perhaps in Olbia, from the end of the 4th century Bc; in Nora, from the late 3rd century Bc, with a 
clear increase starting from the 2nd century Bc onwards), without however giving up to former wells, with exception of limited 
cases. 

It is probable that Sardinia was affected by a climate change that seems to have happened in Central Mediterranean during 
this period (see Box 1): lower rainfall leads, on one hand, to less rich underground aquifers, and on the other one, to the 
behavior of hoarding as much as possible rainwater in reservoirs, in particular in the southern and western coastal centers, 
where substantial scarcities of surface water resources are denoted, both for springs and watercourses (studies in this way in 
Nora, see Di Gregorio, Floris, Matta, & Tronchetti, 2005-2006, p. 51, and Tharros, see Di Gregorio & Matta, 2002, 
pp. 106-108). However, the different chronological horizons mentioned above could suggest the hypothesis that, in Sardinian 
cities, this introduction of cisterns occurred only at the time of a substantial increase in population. Socioeconomic reasons, 
whereas the construction of a cistern would be related to the richest houses—because more advanced in the building technique 
(see Schmdlder-Veit, 2009), seem to be for this context less likely, because of the general and prevailing number of the 
cisterns. 


BOX 1 
CLIMATOLOGY IN ANCIENT CENTRAL MEDITERRANEAN 


Recently, paleoenvironmental studies, carried out in the central Mediterranean, seem to have attested an increase in tem- 
perature, compared to the previous period, starting from the middle of the first millennium Bc, with a consequent 
decrease of rainfall (see Desprat et al., 2013 for the central-southern Mediterranean area; Zielhofer & Faust, 2008 for 
Tunisia; see also K6rper, Wagner, & Cubasch, 2014, with extensive bibliography; Magny et al., 2013; Mensing et al., 
2015; Reale & Dirmeyer, 2000). 
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In fact, a pronounced demographic pressure could have led to a decrease in the groundwater level due to a greater drain- 
age, or to a deterioration in the quality of groundwater caused by possible contamination and by intensive agricultural exploi- 
tation of suburban and rural countryside, resulting in a necessary “transition” to cisterns. This hypothesis is proposed on the 
basis of similar functional (and chronological) situation outlined for example in water supply choices of the Greek cities of 
Sicily (Bouffier, 2014, pp. 181-190), as well as in Carthage (Wilson, 1998, p. 67), with a general introduction of tanks 
between the end of the Classical age and the early Hellenistic age (about this topic, and in general about water management in 
ancient Mediterranean during the first millennium Bc, some international meetings were organized in the last years; for exam- 
ple, five of these will be soon published within the project Hydromed, directed by prof. S. Bouffier). 


3.3. | Rural and extraurban water supply 


The urban evidence of Punic water supply systems is not rare; however, the extraurban indications are much fewer (see also 
Box 2). Rural and extraurban water systems can be recognized for the most part in sanctuaries or temples, often of 
prolonged—or renewed—use. In these contexts, however, the water element was present in a natural form such as a spring or 
groundwater outcrop, and was thus signalized and “monumentalized” through built structures. As anticipated in the introduc- 
tion, the topic deserves a much wider analysis and cannot be better developed here, so refer in general to Garbati and Peri 
(2008), Hayne (2014), Roppa (2013, pp. 77-79, pp. 95-98), Usai (2010, 2014). 

As far as civilian structures are concerned, the best evidence of a rural water supply system can be found in the Punic farm 
at Truncu ‘e Molas, Terralba (Figure 1; see van Dommelen & Gémez Bellard, 2014; van Dommelen, Gémez Bellard, & 
Tronchetti, 2007; van Dommelen, Gomez Bellard, & Tronchetti, 2012): two oval-shape wells are constructed with a drywall 
for a width of 0.80—0.88 m and a depth of about 1.15-1.20 m. They are not contemporary, because the bigger one (lenght = 
1.26 m) cut the smaller one (lenght = 0.67 m); this operation is probably related to an increase of the water need. Anyway, 
the same technique seems to indicate a connected building tradition. The construction of the farm is dated at the end of the 5th 
century Bc and it remained in use until the half of the 2nd century Bc; the two wells refer to the first phases of the complex, 
because in a later phase they were filled for the construction of another structure (van Dommelen et al., 2012, pp. 504-509). 

Other rural tanks and basins are often reported, but they are almost always related to productive activities, such as pressing 
grapes or olives, or leather tanning, where it is difficult to recognize water supply systems being intentionally created (Roppa, 
2013; about Punic Sardinian rural contexts, see van Dommelen & Finocchi, 2008). 

In any case, the large cistern in an extraurban area of Cagliari, purposely built within the shrine of Capo Sant'Elia, deserves 
a particular mention (Angiolillo & Sirigu, 2009, pp. 180-182; Bartolo & Ferrara, 1971, p. 29; Stiglitz, 2004, p. 83; Stiglitz, 
2007, p. 53). This has an “elliptic” plan and “bottle-shaped” walls and finds a morphological comparison in a reservoir, albeit 
smaller, discovered near the bulwark of Santa Caterina (Cisci & Tatti, 2013): both are brought back to a Punic phase of 
Cagliari. 


BOX 2 
HYPOTHETICAL PUNIC AQUEDUCT 


The presence of an aqueduct that could have fed the city of Nora in pre-Roman times remains absolutely hypothetical. 
This consideration was advanced by G. Patroni (1904) on the evidence of an excavation operated in the suburban zone 
of the site; here, in an area used as a necropolis, he found traces of a canalization long at least 10.50 m, with walls in 
concrete masonry and cobbled paving, which exhibited an evident (though slight) inclination toward the city. In the 
channel, there were some sepultures belonging to the surrounding Roman necropolis (Patroni, 1904, pp. 121-124, 
Tav. 6, K). 

This hypothesis was later resumed in Cintas (1976, pp. 136-137) and in Wilson (1998, p. 68), in relation to a poten- 
tial tract of aqueduct of the Punic Carthage consisting, however, of a canalization formed by eight ceramic tubules, with 
a graffiti word interpreted as “conduit” followed by a numeral, therefore very different from the Norense case. In Nora, 
traces of this evidence, partially visible in a photograph of the early 20th century (Patroni, 1904, p. 123, Figure 3), are 
today completely obliterated. Although it appears quite certain that this channeling may actually be prior to the aqueduct 
on arches of Severian Age (terminus ante quem of use of the channel are in fact the sepultures of the necropolis of the 
second half of 2nd century Bc), the temporal distance between this and the Punic age is still very pronounced. Further- 
more, the use of concrete masonry in Nora is usually documented in Roman contexts: therefore, it does not appear 
improbable that the canalization may refer to a Roman late-Republican or first-imperial age. 
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4 | CONTINUITY OF WATER SUPPLY IN THE ROMAN REPUBLICAN AND EARLY- 
IMPERIAL PERIODS 


Following the victory of Rome in the First Punic War, Sardinia entered the Roman orbit in 238 Bc and was officially institu- 
tionalized in the province (together with Corsica) in 227 Bc (Meloni, 1990). However, archaeological evidence does not attest 
particular caesura in the decades following the settlement of the victors and, indeed, elements of continuity are more apparent 
than those of rupture (about this historical process, see van Dommelen, 2007). 

In this sense, the data concerning the water supply systems are aligned: one of the most significant testimonies from this 
point of view is the prolonged use of the “elliptical” typology for cisterns of the Sardinian centers. This is part of a wider, 
demonstrated tendency to maintain Punic technical knowledge and traditions that distinguished the first stages of Roman do- 
mination of the island, of which this evidence would constitute a further piece (see as last Bonetto, 2016, pp. 178-181; also 
Ghiotto, 2004, pp. 199-201. About Punic persistence in Roman times in some centers of Sardinia, see Mezzolani, 1996; about 
Olbia, see D'Oriano, 2009). 


4.1 | Archaeological evidence for urban water supply in Roman Republican and early-Imperial periods 


On a more general level, the assets of water supply systems are not subject to particular changes. Those already existing are in 
the vast majority of the cases kept active; interventions are limited if necessary in the restructuring of support elements such 
as covers, wellheads, conduits, hydraulic mortars (for the latter, archaeometric studies have been carried out in Tharros 
(Bultrini, Mezzolani, & Morigi, 1996, pp. 124-127; Mezzolani, 2014, pp. 146-147) and Nora (Bonetto et al., 2012; Dilaria, 
2015/2016). These practices generate the main problem encountered in the study of these artifacts, that is to say the dating of 
their various phases: the reuse of previous water structures in Roman buildings often makes impossible to determine their first 
construction, in particular in absence of stratigraphic data. Constructions ex novo of cisterns and wells occurred in relation to 
practical and contextual needs such as the building of new houses or craft workshops, and derived from a probable urban and 
demographic development. 

In Nora (Figure 8), around the end of the 3rd century Bc, there was a new and important increase in settlement in the west- 
ern area of the peninsula, which would lead to recognize a gradual extension of the urban fabric (anyway already widely 
hypothesized and testified, see as last Bonetto, 2016), from a first central and south-eastern core, in the direction of the west- 
ern and northern parts of Nora's peninsula. This urban process can be identified, in addition to the various buildings, also on 
the basis of the fundamental water supply structures. In the so-called Area C, an N-W sector of the site, a well was activated, 
the only one of Nora certainty connected to a craft context, probably aimed at food processes (Giannattasio, 2007). The whole 
area, nearly at the end of the Ist century Bc, saw a substantial change of usage, becoming housing space. Probably in the same 
phase, just beside of it, three new cisterns (two “elliptic” and one with lateral well) and a well, an exceptional water system 
for a private context in Nora, can be recognized in a new and rich house. In this case, however, it is unknown if these water 
structures were preexisting or were built specifically during this period. 

A further redefinition of spaces in Nora is also identifiable by the demise of the Punic necropolis (recently dated in the 
central decades of the 3rd century Bc, see Tronchetti, 2014, pp. 552-553) and by the frequent transformation, starting from the 
2nd century Bc, of previous tombs “a camera” in cisterns through hydraulic mortar layers (Bonetto & Mazzariol, 2017), in 
addition to new water constructions. Given the topographical position and the series of tanks, it is not impossible to recognize 
an extension of the urban spaces (maybe for productive activities, marginal to the residential nucleus) to the detriment of pre- 
vious suburban or extraurban areas. Last, the two above-mentioned larger wells of late-archaic age of the forum sector were 
kept in operation until the end of the Roman Republican age (Ghiotto, 2009, pp. 249-267), while the smaller one was 
destroyed only in concurrence with the construction of a new and big “elliptic” cistern (Figure 9), which increased greatly the 
water availability of the district, perhaps in relation to a new (but hypothetical) craft activity (Bonetto, 2009, pp. 198-243). 

In Olbia, the previous late-Punic cisterns were kept in activity until at least the 2nd century Bc, as evidenced by some post- 
destruction fillings; Roman water artifacts (Figure 7), on the other hand, can be recognize on the entire surface of the ancient 
city (Mezzolani, 2014; Pietra, 2007). Again assuming the aforementioned lack of stratigraphic data, it is very probable to 
hypothesize that similar circumstances occurred also in Tharros. 

A mildly different case is represented by Cagliari, due to a topographic and urban planning choice. In an historical moment 
that can be placed around the beginning-—first half of the 2nd century Bc, the western area of the settlement was subjected to a 
sudden abandonment. In any case, the previous Punic cisterns and wells were nevertheless reused, with some minor interven- 
tions, even after the Roman conquest, and filled only in the moment of definitive abandonment (Chessa, 1992; Tronchetti, 
1992). Between the end of the 3rd century and the 2nd century Bc, the first relevant structures in the central area of the city are 
documented (Colavitti, 1994; Colavitti, 2003, pp. 73-76), which will become the new nucleus of the Roman Cagliari, and also 
of the current one (Figure 3). Here, a huge planning in water supply systems was also carried out; with regard to their size and 
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FIGURE 8 Nora: Wells and cisterns of ancient city, with the indications of the areas mentioned in the text (elaborated by author) 


complexity (in relation to the other centers of Sardinia), it could be suggested that they should have coped with a large and 
gradually increasing population, derived from the fact that Cagliari would have represented the capital of the Roman province. 

Particularly rich in water facilities is the area developing from northwest to southwest of the amphitheater, where there are 
numerous attestations of wells and cisterns, also of very considerable size. These areas (Figure 3d,e), between the current 
Botanical Garden, the rest home Vittorio Emanuele II and the Orto dei Cappuccini (Colavitti, 2003, pp. 80-83; Colavitti & 
Tronchetti, 2003, pp. 27-29), includes in fact a dense water network, consisting of wells, single or multiple rooms cisterns 
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FIGURE9 The pre-Forum district of Nora: The construction of the cistern and the obliteration of one of the former Punic well. (Reprinted with permission 
from Bonetto (2009, tav. VIII). Copyright 2009 Italgraf, Noventa Padovana (Italy) & UniPd) 


and waterproofed tunnels and channels, sometimes communicating to each other. Here, there is an aquifer, perhaps similar to 
that of the Roman age, which guarantees about 20,000 L of water (20 m*) daily (Colavitti, 2003, p. 81). On the other hand, it 
is quite conceivable that this extended system may have collected, in the phase preceding the construction of the aqueduct, the 
water resource in the dual solution of the underground aquifer and of the rainwater. 

It is worth mentioning the huge cistern placed between the rest home Vittorio Emanuele II and the Orto dei Cappuccini, 
connected through a channel to one of the main conduit that collected the water conveyed by the amphitheater (this latter is 
dated to late Flavian age: Colavitti, 2003, p. 42; Ghiotto, 2004, p. 85). It is probable that the volume of water that could be 
stored in the large reservoir was significantly increased by the harvesting surface of the spectacle monument (Dadea, 2006, 
pp. 77-87; Pala, 2002, pp. 87-91), following a common practice of several ancient Mediterranean centers (e.g., in Cherchel 
[Algeria]: Leveau & Paillet, 1983, p. 233). The structures in this area, although difficult to analyze in detail, attest huge initia- 
tives aimed at supplying water to the whole community, on a scale without equal in Sardinia until then, when Cagliari became 
decisively the main city of the island, and therefore had to face, as a consequence, also a significant demographic increase. 


4.2 | Discussion 


From a morphological and technological point of view, the wells have in this period a better arranged construction technique, 
often with walls in worked and squared stone slabs (anyway used already in the Punic age). Not rare are also attestations of 
inflow pipes, which supplemented/integrated the groundwater with rainwater (Figure 10). 
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FIGURE 10. A Roman well of Nora, endowed with an inflow water channel (photo by author) 


In regard to cisterns, even after the Roman conquest of the island, the “elliptic” typology and its already described variants 
remain largely attested (as well as in many other sites of the Western Mediterranean, as for example in Carthage, Pantelleria, 
Solunto, Ampurias, see Burés Vilaseca, 1998; Schén, Schmidt, & Laube, 2015). In Tharros, the large cistern located in the 
southern part of the so-called Monumental temple is traced back to the Roman late-Republican or early-imperial age phase of 
the temple (Floris, 2014/2015), while the one in the Tophet area of Sant'Antioco could oscillate between the Punic and the 
Roman Republican age (Colavitti & Tronchetti, 2000). In Nora, as well as in Cagliari, new constructions of this typology are 
still recognized in the Roman first-imperial age, even at the end of the 1st-beginning of the 2nd century ap (Zara, 2014). 

The “bottle-shaped” cisterns and wells (Figure 11), instead, were less “fortunate” in Sardinia, as they are less in number 
compared to the wider series of “elliptic” tanks in the general framework of the Punic-Roman Mediterranean (for Carthage 
and North Africa, see Vann, 1981, pp. 30-31; Wilson, 1998, pp. 67—68). If a minimum number of these examples seems to be 
due to the late-Punic period (in Cagliari, the mentioned one in via Brenta and perhaps one in the area of corso V. Emanuele), 
the majority appears to be rather built in Roman age, sometimes late-Republican, sometimes early-Imperial age. 

In Cagliari it is possible to recognize the largest number of “bottle-shaped” tanks (see also Piredda, 1973/1974), which 
are mainly concentrated in the central area, in those contexts chronologically referable to the Roman age. During the 


s.Lm. 


FIGURE 11 An example of “bottle-shaped” cistern from Nora (elaborated by author) 
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early-imperial age, in the domus highlighted in via Tigellio (Angiolillo, 1981, pp. 90-97; Ghiotto, 2004, pp. 165-168), there 
were in total nine water structures that supplied the various buildings, among which are recognizable both “elliptic” and “bot- 
tle-shaped” cisterns. In Olbia, the only “bottle-shaped” tank had filling materials dating back to the Ist century Bc (cistern of 
via Pisa, see Mezzolani, 2014). In Nora, the few attestations of cisterns and wells of this morphology start from the early- 
imperial age (Cespa, 2014). 

This form, in any case, cannot be considered innovative, as its chronological and geographical horizons span the entire his- 
tory of ancient Mediterranean (for a general overview, see Riera, 1994, pp. 305-309; Mantellini, 2014; Schon, 2015, 
pp. 194-207). In addition, it is always necessary to keep in mind the possible continuity of usage of these artifacts in Sardinia, 
which reduce the possibility to date their first construction. 

Instead, the rectangular plan and vertical walls morphology, often covered with a barrel vault, appears as a product gener- 
ally referable to Roman construction practices (for a broad outline about Roman cisterns building techniques and traditions, 
see Riera, 1994, pp. 309-386), which can be in fact recognized in all the Sardinian centers during this historical period (see 
for example the cistern of via Ospedale in Cagliari, Piredda, 1973/1974). Therefore, if on one hand it is possible that in 
Cagliari, capital and major city of the island, had been active skilled workers more conforming to morphological typologies 
closer to “Roman” exemplars, on the other hand the choice of “elliptic” type cisterns still in Roman imperial age could be due 
to its more habitual tradition by the local workers of the other urban centers. This evidence can be linked, as said, to a wider 
discussion on the persistence of Punic elements, techniques and knowledge in Roman Sardinia. 

In summary, cisterns, after having been added to the wells in different times between the late Punic period and the first 
phase of Roman control of Sardinia, became increasingly numerous in all the urban centers of the island: as noted above, this 
could be an attestation of a progressive increase in demography and landscape exploitation, that could have reduced under- 
ground water table's level. Collection and hoarding of rainwater thus appears to be the most used water supply system in 
Roman times, at least until the subsequent realization of the various aqueducts. A further proof of this situation is given by the 
numerous evidences of rainwater inflow pipes in relation also to the wells (recognized in all the main Sardinian centers), 
which normally should not have been provided, sign that evidently the aquifer water itself had to be integrated with the 
meteoric one. 


5 | THE ROMAN IMPERIAL AGE: THE BEGINNING OF AQUEDUCTS 


Starting from the Imperial age (especially from the 2nd century ap onwards) most of the main Sardinian centers endowed 
themselves of their own aqueduct (Figure 12; for a close examination about aqueducts, thermal buildings and fountains of 
Roman Sardinia see the volume of A. R. Ghiotto, 2004, with detailed and specific bibliographic references). This measure 
increased in a manifest way water's availability, allowing the construction of those buildings directly connected to it (thermae, 
fountains), and at the same time allowed the citizens not to depend exclusively on the irregular resources used up to that time. 

Attestations of ex novo constructions of private cisterns and/or wells are decidedly fewer, while the testimonies of large 
reservoirs for storage, conservation and sometimes redistribution of water increase, almost always fed by the aqueducts, both 
in extra-urban (caput aquae, intermediate storage tanks) and urban areas (castellum aquae, district and thermal buildings res- 
ervoirs). Therefore, the archaeological evidence of the aqueducts and the structures connected to them are the most discernible 
ones as regards the water supply systems in the suburban and extraurban areas of Sardinia in the chronological period consid- 
ered here. They are most identifiable in the structures of conveying sources and springs, and of course in the works of waters' 
canalization toward the urban centers. 


5.1 | Archaeological evidence of aqueducts 


The first aqueduct of Sardinia is the one that supplied the town of Turris Libisonis (now Porto Torres), a new colony founded 
in the Augustan age on the north-western coast of the island. The aqueduct was built at the same time of the new city, follow- 
ing a common urban planning and exploitation of the territory. The monument (in particular, see Satta, 2000; new information 
in Piras & Dore, 2015) was supplied by a series of springs located near the current Sassari (Valli di S. Martino, Rosello, Le 
Conce-Lu Regnu), conveyed thanks to a meticulous system of channels carved into the rock. From here it unreeled, now on 
arches, now on continuous wall, now underground, for about 21 km, along the road that led to the ancient urban center, 
according to a common arrangement that saw the construction of the two infrastructures in direct relationship, in order to facil- 
itate its control and maintenance. Arriving to the city from S-E, the aqueduct fed some large tanks; it is also very probable that 
it would continue to the various thermal facilities; moreover, clearly visible along the route are numerous restoration opera- 
tions, which point out its continuous use until Late Antiquity age (Ghiotto, 2004, pp. 141-143; Satta, 2000, p. 139). 
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FIGURE 12 Approximate paths of Sardinian Roman aqueducts (Source: From Google Earth) 


It is not surprising, however, that the other Sardinian centers endowed with an aqueduct more than a century later than 
Turris Libisonis: compared to the latter, a newly founded city, the others already lived since several centuries thanks to their 
own water supply systems. Only starting from the middle of the 2nd century A.D., these systems were implemented thanks to 
the significant daily contributions of the aqueduct. From the data available today, the first cities to realize these monuments 
were Cagliari and Olbia, which followed probably during the middle-imperial age (end of 2nd—3rd century ap) Nora, Tharros, 
Fordongianus, Neapolis and Cornus. 

The aqueduct of Cagliari, with its 49 km, is definitely the longest in Sardinia and among the longest of the entire frame- 
work of the ancient era (see in particular Colavitti, 2003, pp. 75-76, pp. 83-84; Ghiotto, 2004, pp. 143-145; Piredda, 
1973/1974; Ranieri, Salvi, Stefani, & Trogu, 1995/1996). This choice was perhaps dictated by an extensive demographic 
increase that occurred in the city from the Imperial Age (Bonello Lai, 1987, p. 632; Meloni, 1990, pp. 252-253; Principe, 
1981, p. 24). The aqueduct could have ensured “abundant water for a city of at least 32,000 units” (5,000 m?/day according to 
Piredda, 1973/1974, p. 163); if the data on the population is not actually estimable with precision, it is however certain that 
Cagliari was the most populous city on the island (for a recent study on demography in Sardinia, with particular focus on 
Nora, see Carr aro, 2016). 
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This makes it probable that the previous supply systems were no longer sufficient to satisfy the growing demand for water, 
and the consequent decision was to equip it with a considerable and expensive aqueduct, which started from the springs evi- 
dently judged the most abundant of the territory of Cagliari. These are located in the Villamassargia area, to the west of 
Cagliari; from here, the aqueduct continued in the direction of the city both on arches and on a continuous wall, and finally 
underground. Some stretches are preserved in the current urban area of Cagliari: a segment remains inside the necropolis of 
Tuvixeddu (where it affected some tombs of the Punic Necropolis), from which it would have directed toward the numerous 
and large reservoirs of the area of the Botanical Garden, of S. Guglielmo and of S. Eulalia. Another stretch supplied at least 
the large cistern with five parallel and interconnected chambers, located to the west of Piazza del Carmine, near the forum. It 
is conceivable that various minor ramifications would have fed the entire urban fabric northward and southward. The town's 
stretches of specus have an underground structure, partly cut into the rock, partly built in masonry, with a “double-sloped” 
covering. Most of the large cisterns and tanks of previous age were certainly reused as reservoirs for the storage and redistribu- 
tion of water in the new hydraulic system, which integrated the water supplied by the aqueduct with rainwater and 
groundwater. 

Much shorter is the aqueduct of Olbia (about 3.5 km) consisting of two nearly parallel different conduits, which unreeled 
from the caput aquae at the springs of Santa Maria di Cabu Abbas to the locality Sa Rughittula, where they took different 
directions. One concluded its path in a large cistern with parallel and communicating chambers (perhaps destined for agricul- 
tural use), the other one continued up to an intermediate water structure, from which it went on toward the city, with a specus 
supported first by low arcs, then by a continuous wall, and finally by arches (Figure 13). Arrived in the city in the inlet area of 
the so-called Roman port, it fed both the “Grandi terme” and probably the group of reservoirs located in Villa Tamponi 
(Ghiotto, 2004, pp. 145-146; Sanciu, 2003). 

The other Roman aqueducts of Sardinia are slightly posterior (from the end of the 2nd century ap). The one in Nora 
(in particular see Ghiotto, 2004, pp. 146-148; Paoletti, 1997; Piu, 2016) is preserved today in various traces, of which remain 
in situ some pylons in the extraurban area, while stretches of the specus are recognized in a state of collapse in the immediate 
hinterland to the north of the peninsula. The structure, with a core in opus caementicium and walls in opus testaceum, 1s cur- 
rently preserved for a maximum height of about 3.20 m. The short preserved stretch of specus, of rectangular section, has a 
conserved height of 0.80 m and a width between 0.48 and 0.60 m. Parallel to the aqueduct and located 2 m away there are 
two square structures, of 2.30 m of side, interpreted as piscinae limariae (about the functionality of these artifacts, see Riera, 
1994, p. 264, pp. 268-270; Télle-Kastenbein, 2005, pp. 114-116). The latest pylons, in a state of collapse, are visible near the 
current street that leads to the archaeological site. The caput aquae is instead unknown: it has been hypothesized, even in the 
absence of archaeological evidence, its positioning in the zone of Sa Guardia Mongiasa, about 1.5 km from the urban site, 
where there is a low hill (10 m a.s.l.) on which the local tradition brings up the presence of a perennial spring. In fact, in this 
point, the soil is subject to swamping and covered by the typical vegetation of wetlands. However, it is not possible to exclude 
a continuation of the aqueduct to the north, on the basis of some marks and illustrations of travelers and scholars of the 19th 
and 20th centuries (Della Marmora, 1868, pp. 100-101; D'Austria-Este, 1934, p. 97), unfortunately no longer ascertainable 
nowadays. Within the urban fabric, it is very probable that the capillary distribution of the water would have fed the various 
thermal buildings, the fountains and the large storage tanks, which can be recognized in several points of the city. 


FIGURE 13 The acqueduct of Olbia. (Reprinted with permission from Sforza (1999). Copyright 1999 Editalia, Roma (Italy)) 
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In Tharros, distinctive is the caput aquae, consisting of a well of considerable size; this is located in the suburban area of 
the city, about 600 m to the north from the ancient urban center. From this point, the water, drawn through a lifting tool (prob- 
ably a so-called bucket chain, see Oleson, 1984, pp. 350-370; Vitruv., X, 4, 4), was conveyed to the city thanks to a specus 
built first on arches and then on a continuous wall, for a total length of 580 m. Surpassed the hill to the north of the town 
(Giorgetti, 2002), this entered the castellum aquae built in the northwest corner of the urban fabric, of which the upper storage 
chamber is mainly preserved; the inferior chamber, probably a decantation one, fed also the adjacent public fountain. The 
“Terme di Convento Vecchio” had to be fed by another branch of the aqueduct, too. After its construction, the aqueduct 
quickly fell into disuse, due to a series of structural damage, and perhaps also due to an impoverishment of the groundwater 
caused by an excessive exploitation (Di Gregorio & Matta, 2002, pp. 109-111, p. 132). 

The acqueduct of Neapolis (4.5 km length), whose origin was identified on the northern slope of mount Laus de Biaxi, 
was fed by the springs of three streams opportunely conveyed, through a dam, into a cistern built in locality Medau Caddeo, 
which served as caput aquae. From this, the specus on arches entered the city from the south-west part, and maybe supplied 
five reservoirs, rectangular and barrel-vaulted, located in various points of the city, in addition to the “Grandi terme” and the 
“Piccole terme” (Ghiotto, 2004, pp. 148-149; Zucca, 1987, pp. 102-104). Also in Fordongianus, the aqueduct consisted of 
two distinct branches, one from the locality of S'Ispadula, the other from Perdu Meanu, both about 3 km long (Zucca, 1986, 
pp. 29-30). Within the urban fabric, the two important thermal buildings, dated by excavation data in the 2nd century AD, were 
certainly fed by a hot spring and a series of wells and basins that mitigated its temperature; it is possible that these structures 
were supplied, since the moment of its construction, even by the aqueduct itself. 

Very few is known about the waterworks of Cornus, however, it is certain the presence of a thermal edifice (the “Thermae 
aestivae’’), about which is preserved an inscription, dated to 379-383 ap, that commemorated their restoration through a water 
conduit derived from a “fons” (Zucca, 1994, p. 897, n. 104). It is also probable that this thermal building was fed, during at 
least one of its phases, by the city aqueduct, which started from the western side of the Montiferru and reached the center 
through the Campu ‘e Corra plain (Zucca, 1988, p. 42). Finally, the absence of an aqueduct for the important city of Sant'An- 
tioco is singular. The public water supply was anyway guaranteed by a large cistern of four parallel communicating chambers 
(total volume of about 300 m’, Figure 14), the so-called Fontana romana (Bartoloni, 1989, pp. 29-30; Ghiotto, 2004, 
pp. 141-142; Marongiu, 2002, pp. 61, 82-84), fed by a spring that flows from the sandy soil. 


5.2 | Discussion 


From this brief analysis about Sardinian aqueducts and related structures, there are some common characteristics. The building 
techniques are often corresponding to each other and ensued from practices and constructive knowledge by now fully Roman. 
In particular, distinctive characteristics are the extensive use of opus caementicium and brick works, while the choice between 
aqueducts on arches, on continuous walls or underground seems to be depended on geomorphological conditions of the terri- 
tory. Moreover, it is denoted the presence of reservoirs with a much larger storage size than the homologous water structures 
built up to that moment, a clear evidence that they were supplied by continuous and abundant volumes of water. Often these 
are covered by barrel vaults and divided into parallel and interconnecting chambers, which find punctual comparisons both in 
North Africa (Baklouti, 2008; Wilson, 2001) and in some other examples of the Mediterranean (Doring, 2014). 

On the other hand, it is difficult to identify, in Sardinian centers, new constructions of private wells and/or cisterns during 
the middle-imperial Roman age. However, it is not far fetched to assume that, even after the realization of the aqueducts, pri- 
vate (and not) water structures still active and which did not foresee any change, have been kept in operation, in a new water 
supply system that integrated the water supplied by the aqueduct with rainwater and groundwater. This seems well recogniz- 
able at least in Cagliari (Colavitti, 2003, pp. 80-84) and Nora, but it could well be assumed also for the other centers of the 
island; moreover, an identical hypothesis has been proposed also for other sites in North Africa (Schwartz, 1981, p. 54; Wil- 
son, 2001, pp. 83-96), for Pompeii (Dessales, 2008, p. 31), for Ostia (Ricciardi & Scrinari, 1996, p. 81). 

The main reasons for the construction of the aqueducts should be sought or in a strong demand for water, or in the social 
and economic implications of high life models ensued from the main cities of the empire (Bianco, 2007, pp. 145-220). In Sar- 
dinia, the first reason could be related to Cagliari, the main city of the island, that probably suffered an important demographic 
increase during the Roman imperial age. Wells and cisterns were likely no longer sufficient to guarantee the right quantity of 
water for the ancient inhabitants. In fact it was equipped with one of the longest Roman aqueducts: such an important work, 
compared to other examples of Sardinia, would be a sign of a real contingent necessity. 

In the other cases, the evidence seems to lead to the hypothesis that the cities wanted rather to elevate their own living, 
social and hygienic standards (in general, see Hodge, 1992). This is particularly noticeable in Nora where, on a surface not 
particularly extended, were built at least four thermal buildings from the moment of construction of the aqueduct, in addition 
to the various fountains and large reservoirs. Furthermore, most of the private wells and cisterns remained in operation, a sign 
that the population continued to use these supply systems, integrated with the new aqueduct. Also in Tharros (Idili, 2001, 
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FIGURE 14 The parallel-chambers cistern, so-called Fontana romana, in Sant'Antioco. (Reprinted with permission from Marongiu (2002). Copyright 2002 
Architetture, Sant'Antioco (Italy) & Marongiu A.) 


pp. 165-166), the new building does not seem to have replaced the previous water systems. In addition to this, as mentioned, 
the aqueduct had short life: the great exploitation, in fact, caused a sudden impoverishment of the groundwater and, therefore, 
a subsequent impossibility to supply the aqueduct. In this case, it seems clear that the ancient inhabitants continued to live 
again only thanks to wells and cisterns, which fulfilled their task for many centuries. Even not excluding the cause of the prac- 
tical necessity for the construction of these monuments, the prestige and the sense of belonging to the high standards of life 
ensued from the Capital distinguished in wealth, richness and progress the city that was endowed with it. 


6 | CONCLUSION 


The water supply systems documented by the archaeological researches carried out in Sardinia underline the importance and 
the high potential of a study dedicated to them. These structures are an essential tool in the life of the community, first and 
essential elements for the very existence of the ancient centers, as well as the agricultural practices, the exploitation of the ter- 
ritory, the trade, the craft activities, and the socioeconomic practices. 

Apart from the few examples of Phoenician age highlighted in Sant'Antioco, it is from the early Punic age that the water 
structures began to be testified in an increasingly numerous and consistent way, an indication of an important and by now 
fully sedentary anthropic presence. It seems conceivable, on the basis of the amount and of the dimensional aspects, that the 
construction of the wells and of the cisterns was conceived in direct relation to the quantity of water that the ancient inhabi- 
tants needed to satisfy as much as possible the daily necessities. In this evidence, we recognize a balanced system that main- 
tained an efficiency derived evidently from empirical knowledge developed through the centuries. All the archaeological 
evidences show with good confidence how, even in the buildings' transformations and rearrangements operated between the 
Punic and Roman Republican ages, the common element is the diachronic and continuous use of water structures, where 
possible. 
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The “epochal” event occurred only during the later Roman Imperial age, after the construction of the cities' aqueducts. 
Although it is not clear whether the cause is to be sought in a generalized demographic growth or in a will to improve the stan- 
dard of life ensued from the major cities of the empire, it is certain that the possibilities of using water expanded in a clear and 
pronounced way, never experienced before on the island. 

The study of water systems is therefore essential, as they constitute fundamental indicators of anthropic presence and high- 
light precise urban, territorial and contextual choices. This analysis can also provide important information on historical, 
socioeconomic and demographic aspects of great interest in the reconstruction of characteristics and features of ancient 
societies. 
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ENDNOTES 


‘Sardinia has an earlier tradition of water features during the Nuragic period, mostly connected to religious aspects of water, 
that predates the arrival of Levantine groups. These structures (““water-temples,” “well-temples,” or “sacred wells”) were often 
constructed on or in proximity of a natural spring or a groundwater outcrop: see in general Locci, 2012; Perra, 2006; Usai, 
2008; Webster, 2014; with bibliografic references. 
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